has been partly displaced by the more frequently used bilateral lung transplantation Background -The factors determining respiratory mechanics following heart-(BLT).
but others have reported values close to the piratory mechanics were investigated by measuring the static pressure-volume predicted normal TLC, 9 suggesting that the chest wall adapts to the transplanted lungs. (PV) curve of the lungs and the maximum respiratory pressures in a subgroup of nine After BLT the situation is potentially more complex as the chest wall has to adapt to two patients (four HLT, five BLT). Results -TLCpost was closely related to lungs anastomosed separately as well as to the effect of a bilateral thoracosternotomy or "clam TLCpred in both groups and showed no correlation with TLCpre. The mean (95% shell incision". Although size matching of the lungs of the recipient and donor is attempted, CI) TLCpost was 102.5 (90.2 to 115)% predicted for the recipient in the HLT group there is inevitably some disparity between the size of the donor lungs, the size of the lungs and 109 (97.6 to 120)% predicted for the recipient in the BLT group. Despite the removed, and the predicted normal capacity of the chest of the recipient. near normal TLC, residual volume (RV) and functional residual capacity (FRC) reIn this study we have analysed dynamic and static lung volumes after HLT and BLT in mained increased after transplantation in both groups. These abnormalities were not order to assess the factors which determine lung volumes after transplantation. In particular we attributable to either airflow obstruction or expiratory muscle weakness. On av-have compared the measured volumes after transplantation with the size of the recipient's erage, lung compliance expressed in terms of the shape constant of the static pres-lungs (which is influenced by the underlying disease), the predicted capacity of the thorax sure-volume curve of the lungs was mildly viously. 10 The study was approved by the local range from TLC to FRC; the shape constant K describes the elastic behaviour of the lungs ethics committee and patients gave informed written consent.
over the whole volume range and is independent of lung size. 12 Goodness of fit of the Immunosuppressive treatment comprised cyclosporin A, sufficient to maintain a trough data was assessed visually and by calculation of R 2 . A curve was considered satisfactory proserum level of 350-450 ng/ml in the first six weeks after transplantation and 150-250 ng/ vided that R 2 was >0.90 and the curve passed the sign 13 and runs tests.
14 ml thereafter; prednisolone, initially 0.2 mg/kg daily and gradually tapering with the aim of Maximal inspiratory and expiratory pressures were measured at the mouth during forcediscontinuing it one year after transplantation; and azathioprine, initially 1.5 mg/kg and ful static efforts at FRC and TLC, respectively.
Predicted values for TLC, vital capacity adjusted to maintain the white blood count above 4.0 × 10 9 per litre. (VC), residual volume (RV), functional residual capacity (FRC), and maximal respiratory pressures were calculated using standard equations based on sex, height, and age. 15 16 Predicted   Preoperative lung volumes had been obtained values for K were based on age. 17 within one year before the operation in 13 patients; in the other two patients they were measured 20 and 23 months preoperatively.    Statistical analysis was performed using MiniPost-transplantation static lung volumes were measured in all patients at least six months tab Statistical Software (Minitab Inc, State College, Pennsylvania, USA). Results are exafter transplantation (mean 23 months, range 6-64) and at a time when the patients were pressed as means (SE) and, where appropriate, 95% confidence intervals are also shown. Comfree from acute complications.
Forced expiratory volume in one second parisons between and within groups were made using non-parametric statistics (Mann-(FEV 1 ) and vital capacity (VC) were obtained using either a dry wedge spirometer (Vitalo-Whitney U test). A p value of <0.05 was considered statistically significant. graph Ltd, Buckingham, UK) or by integrating flow measured with a pneumotachograph
The relationships between TLC after transplantation (TLCpost) and the three volumes (Flexiflo Model 407, PK Morgan Ltd, Gillingham, Kent, UK). Lung volumes were meas-defined above -namely, TLC of the recipient before transplantation (TLCpre), TLC preured in a constant volume whole body plethysmograph (PK Morgan Ltd).
dicted for the recipient (TLCpred), and TLC predicted for the donor (TLCdon) -were exPressure-volume (PV) curves were obtained using an oesophageal balloon as previously de-amined using univariate and multiple (stepwise) regression analysis. TLCdon was not scribed 11 in a variable volume plethysmograph (J H Emerson, Model NM, Cambridge, Mas-obtainable for three of the patients in the HLT group because measurements of donor height sachusetts, USA). The patients were asked to perform a sequence of three full inflations and were not available. the subsequent expiration was interrupted at the mouthpiece after successive small decrements in volume, at each of which static Results   transpulmonary (mouth-oesophageal) pressure was measured. At least five manoeuvres The individual and mean (SE) values of measured and predicted TLC for each group are were performed for each patient. Data were pooled and an exponential equation of the form shown in nificantly so in patients who received a BLT gression). This is explained by the strong correlation between TLCpred and TLCdon ( fig  (mean 131, 95% CI 88.9 to 173% TLCpred, p=0.04). TLC returned to close to predicted 1D). When the two groups of patients were considered separately in univariate analyses the values for the recipients in those who received a HLT (mean 103, 95% CI 90.2 to 115% conclusions in the patients who underwent BLT were similar to those in the whole popuTLCpred) and remained slightly higher than predicted in the BLT group (mean 109, 95% lation, with significant or borderline correlations between TLCpost and TLCpred (r= CI 97.6 to 120% TLCpred), although not significantly so (TLCpost vs TLCpred, p= 0.68, p=0.04), TLCpost and TLCdon (r= 0.65, p=0.056), and TLCdon and TLCpred NS). After transplantation patients who received a HLT showed a mean reduction in (r=0.89, p <0.001) and no significant relation between TLCpost and TLCpre. In the (smal-TLC of 19.5% of TLCpred (95% CI −49.3 to 10.3) and patients who received a BLT ler) group of HLT patients alone the relations were not statistically significant although that showed a reduction of 22.3% TLCpred (95% CI −61.3 to 16.6) but these changes were not between TLCpost and TLCpred approached significance (r=0.80, p=0.054). statistically significant.
The estimated size of the transplanted lungs Measurements of FEV 1 and VC for both groups are summarised in table 2. FEV 1 was (TLCdon) was slightly bigger than the predicted volume for the recipient in both groups more markedly reduced in the BLT group before transplantation. Each increased in both (mean 109%) but the difference was not statistically significant. groups of patients after transplantation (fig 2) with larger and statistically significant increases The relations between TLCpost and TLCpre, TLCpred, and TLCdon for both in patients who received a BLT (mean increase of FEV 1 2.36 (95% CI 1.69 to 3.03) l; FVC groups together are shown in fig 1 together with the correlation between TLCpred and 2.24 (95% CI 1.46 to 3.02) l), corresponding with the lower pre-transplantation FEV 1 and TLCdon. For both groups of patients together there was no significant correlation between VC in the BLT group.
Before transplantation FRC and RV were TLCpre and TLCpost ( fig 1A) but TLCpost showed a significant correlation with TLCpred higher than predicted in both groups (table 2) .
Whilst RV fell in both groups after transplantation ( fig 1B) . Although there was also a correlation between TLCpost and TLCdon (fig 1C), the (fig 2) with a greater reduction in the BLT group, the RV and FRC remained higher than predicted influence of TLCdon became negligible when TLCpred was considered (stepwise re-after transplantation in both groups.
group.bmj.com on June 22, 2017 -Published by http://thorax.bmj.com/ Downloaded from shown in fig 3. No consistent abnormalities were seen although, in general, patients with TLC higher than predicted showed curves to the left of the normal range and those with TLC lower than predicted were within or to the right of the normal values.
Both groups showed normal maximal respiratory pressures after transplantation. In six patients preoperative values were also available. Most showed improvement postoperatively, particularly in Pmax. The improvement was more marked in the patients with the highest FRC before transplantation (patients 2 and 7).
Discussion
In general the results showed that, after HLT and BLT, TLC was close to the predicted value for the recipient. Since TLC was measured at least six months after transplantation, we did not observe the restrictive defect that has been 
transplantation in patients undergoing (A) heart-lung transplantation and (B) bilateral
Earlier reports 7 8 suggested that patients relung transplantation expressed as % of TLC predicted for the recipient.
covered their pre-transplant TLC after HLT, but our results and those in one other series 9 suggest that values are close to the predicted       value for the recipient. Furthermore, our results suggest that a similar conclusion applies to PV curves and maximum respiratory pressures were obtained in nine patients after HLT (n= patients after BLT. The correlations between post-transplantation TLC and the values pre-4) and BLT (n=5) (table 3). Goodness of fit of the PV data to the exponential equation was dicted for the recipient, together with the lack of correlation with pre-transplantation TLC in good for both groups (mean R 2 0.95 (range 0.91-0.98)) and all curves passed the runs and both groups, suggest adaptation of the recipient's chest wall to the transplanted lungs. sign tests.
On average, lung compliance (expressed as Despite the return of TLC to a normal value, there was a consistent reduction in vital cap-K) was slightly reduced in both groups in relation to values predicted for the recipient. acity (VC) with correspondingly raised RV and FRC. The cause of the persistent elevation of Individual PV curves for all the patients are 
